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@ This film capacitors in accordance with the present invention include a silicon electrode (22), a first electrode 
layer (24) consisting of either one of titanium, titanium silicide, titanium nitride, tantalum, molybdenum, tungsten, 
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THIN FILM CAPACITOR AND MANUFACTURING METHOD THEREOF 


BACKGROUND OF THE INVENTION 


5 Field of the Invention 

The present invention relates to a thin film capacitor and a manufacturing method thereof, and more 
particularly to a thin film capacitor used for ICs and LSIs and a manufacturing method thereof. 

10 

Description of the Related Art 

The electronic circuits are being miniaturized to an increasing degree as a result of advances in the 
integrated circuit technologies, and the miniaturization of capacitors that are indispensable in the integrated 

75 circuits as circuit elements for various kinds of electronic circuits is also becoming especially significant. 
The miniaturization of thin film capacitors is being delayed in the midst of a rapid progress in the 
miniaturization of the. active elements, which is becoming a substantial factor as an obstruction for a further 
enhancement in the integration. The reason for this is that the dielectric thin films are limited to those 
materials such as SiOa, SiaN* and the like that have dielectric constant of less than 10. Therefore, it is 

20 becoming necessary to develop dielectric thin films having a large dielectric constant as a means of the 
miniaturization of thin film capacitors, it has been known that BaTiOs, SrTiOa and PbZrOa which are 
perovskite type oxides and an ilmenite type oxide LINbOa that are represented by the chemical formula 
ABO3. or oxides belonging to ferroelectric materials such as Bi4Ti30i2, have dielectric constant of larger 
than 100 and reaching even to 10000 in the form of a single crystal or a ceramic as the above-mentioned 

25 single composition and the mutual solid solution composition, and these oxides are being used widely for 
ceramic capacitors. To make these materials into thin films is extremely effective for the miniaturization of 
the above-mentioned thin film capacitors, and it has been studied since fairly long time ago.. An example 
with relatively satisfactory characteristics among these researches is an article reported in "Proceedings of 
the IEEE", Vol. 59, No. 10. 1971. pp. 1440 - 1447 in which it is shown that dielectric constants of 16 

30 (formed at room temperature) to 1900 (with a heat treatment at 1200* C) are obtained for BaTiOa thin films 
that are formed by sputtering and subjected to heat treatments. 

Dielectric thin films, such as the above-mentioned BaTiOa. that have been formed in the past require 
high temperatures at the time of thin film formation in order to obtain high dielectric constants, being formed 
without exception on a lower electrode of a high-melting point noble metal such as platinum and palladium. 

35 The reason for doing so is that the dielectric constant of the dielectric films on aluminum, nichrome, copper 
and the like that are generally used as the electrode materials is reduced markedly due to the oxidation of 
the electrode at high temperatures or their mutual reactions with the dielectric films. 

On the other hand, the electrode material used extensively for the present day highly Integrated circuits 
is polycrystalline silicon or a low resistance silicon layer with impurities doped to a high concentration in a 

40 portion of the silicon substrate itself. In the description that follows these materials will generically be called 
silicon electrodes. For the silicon electrodes, the fine processing technologies have been established and 
have already been used extensively. Therefore, if a thin film with satisfactory high dielectric constant can be 
prepared on a silicon electrode. It becomes possible to apply the technology. to capacitors for integrated 
circuits. However, it is reported that when a thin film of a high dielectric constant material Is formed on 

45 silicon In accordance wrth the conventional technology, there will be formed In an interface a layer which is 
equivalent to silicon dioxide (SiOa) of about 100 A, for example, on pages 687 to 688 In an article on a 
SiTrOa film, IBM Journal of Research and Development. November issue, 1969. pp. 686 - 695. The 
interface layer has a low dielectric constant, and as a result, the effective dielectric constant of the high 
dielectric constant film fomned on silicon Is reduced markedly, practically impairing the advantage of the 

50 use of the material with high dielectric constant. Another example of a similar conclusion can be found on p. 
316 of an article on BaTlOa published In Journal of Vacuum Science and Technology, Vol. 16, No. 2. 1979. 
pp. 315-318. 

From an analogical inference of the above-mentioned prior art, there can be considered a means of 
further employing a platinum or palladium electrode between the high dielectric constant material film and 
the silicon electrode also in the case of using a silicon electrode as the lower electrode. The structure for 
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this case is shown in Fig. 1. Reference numeral 11 is a silicon substrate, 12 is a low-resistance silicon 
electrode layer doped with a high concentration impurity such as phosphorus or arsenic. 13 is an insulating 
layer of such material as SiOs. 14 is a platinum electrode layer. 15 is a dielectric layer, 16 is an upper 
electrode layer of such material as aluminum and 17 is a lead-out wiring for the lower electrode. However, 
the formation of the high dielectric constant material film represented by BaTiOa and SrTiOa has to be done 
at high temperatures as mentioned above. Accordingly, with the means shown in Fig. 1, the platinum layer 
14 reacts with the silicon electrode 12 forming platinum silicide, and further, there is formed an Si02 layer 
on its interface with the dielectric layer 15, and as a result, the effective dielectric constant is markedly 
reduced analogous to the case of the silicon electrode described in the above. 


SUMMARY OF THE INVENTION 


Accordingly, it is an object of the present invention to provide a thin film capacitor which uses a thin 
film of a high dielectric constant material represented by BaTiOa or SiTiOa to have a large capacitance and 
is suited for application to ICs and LSIs. and a manufacturing method thereof. 

According to one aspect of the present invention, there is obtained a thin film capacitor which 
comprises a silicon electrode, a first electrode layer formed on the silicon electrode, and consisting 
essentially of a member selected from the group consisting of titanium, titanium silicide, titanium nitride, 
tantalum, molybdenum, tungsten, tantalum silicide, molybdenum silicide, tungsten silicide. alloys thereof 
and compounds thereof, a second electrode layer consisting essentially of a high-melting point noble metal 
formed on the first electrode layer, a dielectric layer consisting essentially of an oxide ferroelectric material 
formed on the second electrode layer and a third electrode layer formed on the dielectric layer. 

According to another aspect of the present invention, there is obtained a manufacturing method of a 
thin film capacitor that includes the steps of forming on a silicon electrode a first electrode layer consisting 
essentially of a member selected from the group consisting of titanium, titanium silicide. titanium nitride, 
tantalum, molybdenum, tungsten, tantalum silicide, molybdenum silicide, tungsten silicide. alloys thereof 
and compounds thereof, forming a second electrode layer consisting essentially of a high-melting point 
noble metal on the first electrode layer, forming a dielectric layer consisting essentially of an oxide 
ferroelectric material on the second electrode layer and forming a third electrode layer on the dielectric 
layer. 

According to another aspect of the present invention, there is obtained a thin film capacitor which 
comprises a silicon electrode, a first electrode layer formed on the silicon electrode, the first electrode layer 
being formed essentially of a member selected from the group of rhenium oxide, osmium oxide, rhodium 
oxide, iridium oxide and compounds thereof, a second electrode layer consisting essentially of a high- 
melting point noble metal formed on the first electrode layer, a dielectric layer consisting essentially of an 
oxide ferroelectric material formed on the second electrode layer and a third electrode layer formed on the 
dielectric layer. 

According to another aspect of the present invention, there is obtained a manufacturing method of a 
thin film capacitor that includes the steps of fomning on a silicon electrode a first electrode layer consisting 
essentially of a member selected from the group .of rhenium oxide, osmium oxide, rhodium oxide, iridium 
oxide and compounds thereof, forming a second electrode layer consisting essentially of a high-melting 
point noble metal on the first electrode layer, forming a dielectric layer consisting essentially of an oxide 
ferroelectric material on the second electrode layer and forming a third electrode layer on the dielectric 
layer. 

According to another aspect of the present invention, there is obtained a method of manufacturing a 
thin film capacitor that includes the steps of forming on a silicon electrode a first electrode layer consisting 
essentially of a member selected from the group of rhenium silicide. osmium silicide, rhodium silicide. 
iridium silicide and compounds thereof, oxidizing the first electrode layer at 400 to 700* C. forming a 
second electrode layer consisting essentially of a high-melting point noble metal on the oxidized first 
electrode layer, forming a dielectric layer consisting essentially of an oxide ferroelectric material on the 
second electrode layer and forming a third electrode layer on the dielectric layer. 

As the silicon electrode layer, a polycrystalline silicon layer or a silicon single crystal layer or a 
substrate doped with an impurity may be preferably employed. 

As the high-melting point noble m tal. platinum, palladium, rhodium or alloys thereof may be preferably 
used therefor. 

As for the oxide ferroelectric material, a perovskite type oxide, an ilmenite type oxide or Bi^Tiada may 
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be preferably employed. Further, as the perovskite type oxides. BaTiOa, SrTiOa. PbTiOa. PbZrOa and the 
solid solutions thereof may be preferably used and as the ilmenite type oxides, LiNbOa. LITaOa and the 
solid solution thereof may be preferably used. 

As the third electrode, preferable use is made of aluminum. 


BRIEF DESCRIPTION OF THE DRAWINGS 


The above and further objects, features and advantages of the present invention will become more 
apparent from the following detailed description taken in conjunction with the accompanying drawings, 
wherein: 

Fig. 1 is a sectional view of a thin film capacitor for explaining the thin film capacitor conceivable from 
the prior art; 

Fig. 2 is a sectional view of a thin film capacitor for explaining a first embodiment of the present 
invention; 

Fig. 3 is a diagram showing the relation between the dielectric constant and the film thickness for 
explaining the first embodiment of the present invention; 

Fig. 4 is a sectional view of a thin film capacitor for explaining a second embodiment of the present 
invention; 

Fig. 5 is a sectional view of a thin film capacitor for explaining a third embodiment of the present 
invention; 

Fig. 6 is a diagram showing the relation between the dielectric constant and the film thickness for 
explaining the third embodiment of the present invention; 

Rg. 7 is a sectional view of a thin film capacitor for explaining a sixth embodiment of the present 
invention; and 

Fig. 8 is a diagram showing the relation between the dielectric constant and the film thickness for 
explaining the sixth embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 


(First Embodiment) 

Referring to Fig. 2. 21 is a silicon substrate. 22 is a low resistance silicon electrode layer doped with 
impurities tc a high concentration. 24 is an intermediate layer having a thickness from 500 A to 1500 A and 
consisting of a material selected from the group of titanium, titanium silicide and titanium nitride or a 
laminated layer thereof, is a platinum electrode layer. 26 is a dielectric layer. 27 is an upper electrode layer 
made of aluminum or the like and 28 is a lower electrode lead-out layer made of aluminum or the like. The 
relation between the thickness of a BaTiOa film and the effective dielectric constant measured for the case 
when BaTiOa is used as the dielectric layer is shown in Fig. 3. The BaTiOa film is prepared by a high 
frequency magnetron sputtering that uses a target with stoichiometric composition. The film is formed in a 
mixed gas of argon and oxygen under a pressure of 1x10-2 Torr and a substrate temperature of 400 to 
500' C. In Fig. 3. the curve 31 shows the measured values for a sample with the configuration as shown in 
Fig. 2. The effective dielectric constant is seen to have a constant value of about 240 which is independent 
of the thickness of the BaTiOa film, showing that there are not formed layers of low dielectric constant at 
the interface. This characteristic Is seen to be obtained for either case of using titanium, titanium silicide 
and titanium nitride as the intermediate layer 24. The same characteristic is also observed when a 
laminated intermediate layer titanium/titanium silicide. for example, is used. Here, the Intennediate layer can 
be formed by a magnetron sputtering method by selecting either one from titanium, titanium silicide and 
titanium nitride as the target and adjusting the atmosphere appropriately. The curve 32 in Fig. 3 shows the 
result of measurement on a sample with the configuration shown in Rg. 1 for the purpose of comparison, in 
this case the effective dielectric constant goes down with the reduction in the thickness of the BaTiOa film, 
indicating clearly that there are generated layers of low dielectric constant at the interface. 
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(Second Embodiment) 

Another embodiment of the present invention is shown In Fig. 4. Reference numerals 21 to 28 are the 
same as in Fig. 2 and 29 is a low resistance polycrystalline silicon layer. In the recent integrated circuits, 
5 accompanying the element dimensions which are becoming increasingly small, flattening of the devices is 
demanded strongly in order to enhance the processing accuracy. The present embodiment uses flat layers 
of electrodes and dielectric material and is realized by forming a low resistance polycrystalline silicon layer 
29 in a contact opening part formed in the insulating layer 23, then forming an intermediate layer 24 and a 
platinum layer 25. 


(Third. Embodiment) 

Referring to Fig. 5. a low resistance layer 52 is formed by doping phosphorus to a high concentration in 

75 a part of the surface of single crystal silicon 51, and, a silicon oxide film 53 is formed on top of it as an 
interlayer insulating film. A couple of contact holes are formed in parts of the silicon oxide film 53 for 
leading out the lower electrode through the low resistance layer 52, one of the contact holes is filled with a 
polycrystalline silicon film 54 while the other contact hole is filled with an aluminum film 55. Accordingly, the 
aluminum film 55 will serve as a terminal of the lower electrode. The lower electrode film 54 not only fills 

20 the contact hole but also part of it may be formed on the silicon oxide film 53. A BaTiOa film 56 is formed 
on the lower electrode film 54, and an aluminum film 57 is formed on top of it as an upper electrode. 

A multilayered film of platinum and titanium of the conductive layer for the present embodiment are 
prepared by a dc magnetron sputtering in an argon atmosphere under a pressure of 4 x 10"^ Torr and a 
substrate temperature of 100* C to the thicknesses of 3000 and 500 A, respectively. The BaTiOs film 56 

25 with thickness of 5000 A is prepared by a high frequency magnetron sputtering using a powder target of 
stoichiometric composition. The film Is formed in a mixed gas of argon and oxygen under a pressure of 1 x 
10~2 Torr and a substrate temperature of 600 *C. An aluminum film of 5000 A is formed as the upper 
electrode by a dc sputtering. The effective area of the present capacitor is 250 um^. Next, the differences in 
the characteristics of the BaTiOs film for the case of using the multilayered film of platinum and titanium of 

30 the present embodiment and the case of using only a platinum film which is a high melting point noble 
metal as the conductive layer, and the case of forming no conductive layer. The result of investigations of 
the dependence of the dielectric constant of the BaTiOa film on the thickness of the film for the case of 
using the platinum and titanium multilayered film of the present embodiment, the case of using a platinum 
film of thickness of 3000 A and the case of using a 3000 A-thick polycrystalline silicon film with sheet 

35 resistance of 100 o/cm^ are shown in Rgs. 6(a), 6(b) and 6(c). respectively. In contrast to a constant value 
of the dielectric constant of the BaTiOa film with no dependence on the film thickness for the case of using 
the multilayered film of the present embodiment, the dielectric constant of the BaTiOa film is reduced 
markedly with the decrease in the thickness of the dielectric film for the cases of using the platinum film 
and the polycrystalline film. 

40 The fall of the dielectric constant in the case of the polycrystalline silicon film is caused by the 
formation of a layer of low dielectric constant due to oxidation of silicon at the interface between the 
dielectric film and the electrode as has been reported in the past. The drop in the dielectric constant in the 
case of the platinum film is due to the formation of the silicide compound of platinum. Namely, silicon 
reacts with platinum during the formation of the dielectric film at 600* C, and reaches the uppermost surface 

45 while forming the silicide compound. It is considered that silicon that reached the uppermost surface is 
oxidized to form a layer of low dielectric constant similar to the case of the polycrystalline silicon film. It is 
confirmed by X-ray diffraction that silicidation of platinum occurred after the formation of the dielectric film. 
In contrast to this, it is confirmed also by X-ray diffraction that in the case of the multilayered frim of. 
platinum and titanium, platinum remains in its original state without silicidation thereof even after the 

50 formation of the dielectric film. That is. the diffusion of silicon is obstructed by the titanium layer without 
being able to reach the platinum layer, so that the formation of a layer with low dielectric constant due to 
the oxidation of silicon, as mentioned above, will not occur. 

It should be noted that an effect similar to the above can be obtained by the use of the high melting 
point metals such as tantalum, molybdenum and tungsten or their silicides instead of titanium of the 

55 conductive layer of the present embodiment. Moreover, a high melting point noble metal palladium or 
rhodium may be used in place of platinum. 
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(Fourth Embodiment) 

This represents an embodiment of the present invention in which alloy films or multilayered films 
formed by the high melting point metals and their silicides are used as the first layer of the conductive layer 
in a thin film capacitor with the same configuration as the third embodiment. The materials used for the 
present embodiment are summarized in Table 1. 

Table 1 


70 


75 


1 
2 
3 
4 
5 
6 
7 
8 


Alloy Film 
Alloy Film 
Alloy Film 
Alloy Film 
Multilayered Film 
Multilayered Film 
Multilayered Film 
Multilayered Film 


Mo 20at% - Ti 80at%, 500A 
W 20at% - Mo 80at%, 500A 
Ta 50at% - TI 50at%, 500 A 
TaSi 50at% - TiSi 50at%. 500A 
Mo(300A)yTi(200A) 
W(300A)/Mo(200A) 
Ta(300A)/Ti(200A) 
TaSi(300A)/TiSi(200A) 


20 


25 


In accordance with the present embodiment, the dielectric constant of the BaTlOa film maintained its 
intrinsic value without having dependence on the film thickness, and was possible to prevent the formation 
at the interface of a layer with low dielectric constant, analogous to the third embodiment. Moreover, it was 
confirmed by X-ray diffraction that sillcidation of platinum of the second layer dose not occur. 


(Hfth Embodiment) 

This is an embodiment of the present invention in which alloy films or multilayered films formed by the 
30 high melting point noble metals platinum, palladium and rhodium are used as the second^ layer of the 
conductive layer in a thin film capacitor with the same configuration as the third embodiment. The materials 
used in the present embodiment are listed in Table 2. 


Table 2 


35 


40 


1 

2 
3 
4 
5 
6 


Alloy Film 
Alloy Film 
Alloy Film 
Multilayered Film 
Multilayered Film 
Multilayered Film 


Pt 85at% - Rh 15at%. 1500 A 
Pt 80at% - Pd 20at%. 1500 A 
Pd 90at% - Rh 10at%, 1500 A 
Pt{1000A)/Rh{500A) 
Pt(1000A)/Pd(500A) 
Pd(1000A)/Rh(500A) 


45 In the present embodiment it was also possible to obtain an intrinsic dielectric constant of the BaTiOa 
film independent of the film thickness, and to prevent the formation of a layer with low dielectric constant at 
the interface, analogous to the third embodiment. Moreover, it was confirmed by X-ray diffraction that 
silicadation of the alloy film or the multilayered film of high melting point nobie metals of the second layer 
of the conductive layer does not occur. 

50 It is to be noted that the description in the above has been given in conjunction with BaTiOa. However, 
a result of similar preparation and evaluation by the use of SrTiOs. PbTiOa. PbZrOa, LiNbOa, LiTaOa, 
Bi4Ti30i2 and the solid solutions (Ba,Sr)Ti03. (Ba,Pb)Ti03 and Pb(Zr,Ti)03 showed that the dielectric 
constants intrinsic to the respective dielectric films that are independent of the film thicknesses can be 
obtained by the method of manufacturing analogous to the case of BaTi03. 

55 


(Sixth Embodiment) 
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Referring to Fig. 7, a low resistance layer 72 with highly doped phosphorus is fornned in a part of the 
surface of single crystal silicon 71 , and a silicon oxide film 73 is formed on top of it as an interlayer 
insulating fiim. Two contact holes for leading out the lower electrode through the low resistance layer are 
formed in parts of the silicon oxide film 73, one of the contact holes is filled with a poiycrystalline silicon 

5 fiim 74 while the other contact hole is filled with an aluminum film 75. Accordingly, the aluminum film 75 will 
be served as the terminal of the lower electrode. The lower electrode film 74 fills the contact hole, and a 
part of it may be formed on the silicon oxide film 73. On the lower electrode film 74, a first layer 76 and a 
second layer 77 of a conductive layer are formed, a BaTiOa film 78 is formed on it, and an aluminum film 
79 is further formed on top of it as an upper electrode. 

70 The first layer 76 of rhenium oxide and the second layer of platinum of the conductive layer are formed 
sequentially by a dc magnetron sputtering method using an ReOa and a Pt targets, respectively. The film 
formation is carried out in an atmosphere of argon gas under a pressure of 4 x 10"^ Torr and a substrate 
temperature of 100* C, with the thicknesses of both of platinum and rhenium oxide set at 1500 A. The 
BaTiOs film 78 is prepared by a high frequency magnetron sputtering to a thickness of 3000 A using a 

75 powder target of stoichiometric composition in a mixed gas of argon and oxygen under a pressure of 1 x 
10~2 Torr and a substrate temperature of 600* C. The upper electrode is formed as an aluminum film with 
thickness of 5000 A by a dc sputtering method. The effective area of the present capacitor is 250 um^. 
Next, the differences in the characteristics of the BaTiOa film will be described for the case of using 
platinum and rhenium oxide of the present embodiment as the conductive layer, the case of using only a 

20 platinum film which is a high melting point noble metal and the case of not forming a conductive layer. The 
dependence of the dielectric constant of the BaTiOa film on the film thickness for the case of using the 
multilayered film of platinum and rhenium oxide of the present embodiment, the caise of using a platinum 
film of thickness of 3000 A and the case of using a poiycrystalline film of thickness of 3000 A with sheet 
resistance of 100 n/cm^ are shown in Figs. 8(a), 8(b) and 8(c), respectively. In contrast to the constancy of 

25 the dielectric constant of the BaTlOa film independent of the film thickness for the case of using the 
multilayered film of the present embodiment, the dielectric constant of the dielectric film for the case of 
using the platinum film and the poiycrystalline silicon film is reduced markedly with a decrease in the film 
thickness. 

The drop of the dielectric constant for the case the poiycrystalline silicon film is due to the formation of 

30 an oxide layer of silicon at the interface of the dielectric film and the electrode or the formation of a layer of 
low dielectric constant in the initial period of growth of a dielectric film, as has been reported in the past In 
the case of the platinum film of Fig. 8(b), it is confirmed by X-ray diffraction after the formation of the 
dielectric film that silicidation of platinum occurred. This means that silicon reacted with platinum during the 
formation of the dielectric film at 600* C. and reached the uppermost surface while forming a silicide 

35 compound. Accordingly, it is considered that silicon existed in the uppermost surface of the electrode, and 
the layer of low dielectric constant was formed under the same condition as in the case of the 
poiycrystalline silicon film, in contrast, it is confirmed by X-ray diffraction that in the case of the multilayered 
film of platinum and rhenium oxide, platinum remains in its original condition without silicidation thereof 
even after the formation of the dielectric substance. Namely, it is considered that the diffusion of silicon is 

40 obstructed by the rhenium oxide layer, being unable to reach the platinum layer, and there did not take 
place the aforementioned formation of a layer with low dielectric constant due to oxidation of silicon. 

The effect of the present invention will not be diminished even when an adhesive layer made of titanium 
or the like is inserted between platinum and rhenium oxide in order to enhance the adhesion of platinum 
and rhenium oxide as is generally done. Moreover, similar result is obtained by using a high-melting point 

45 noble metal palladium or rhodium in place of platinum. 

Furthermore, when osmium oxide, rhodium oxide or iridium oxide is used instead of rhenium oxide, 
there is also obtained a value of about 220 for the dielectric constant of the BaTiOa film formed thereon 
without having dependence on the film thickness. 

50 

(Seventh Embodiment) 

In the present embodiment, the dependenc of the dielectric constant of the BaTiOa film on the film 
thickness is investigated by using rhenium silicide for the first layer of the conductive layer in th^ thin film 
55 capacitor of the sixth embodiment. The rhenium silicide film is formed to a thickness of 1500 A by a dc 
sputtering using a sintered target with the composition of Re : Si = 1 : 1 . 

In this case, an intrinsic value of about 220 which is independent of the film thickness is obtained as the 
dielectric constant of the BaTiOa film, analogous to the case of the sixth embodiment. How ver, according 


EP 0 415 751 A1 


to an X-ray diffraction after the formation of the dielectric filnn. it is confirmed that silicidatlon of platinum 
occurred, differing from the case of rhenium oxide. From this fact it is considered that rhenium silicide does 
not at least have an effect of suppressing the diffusion of silicon as is the case for rhenium oxide so that 
silicon can reach the uppermost surface of the electrode, but the quality of the dielectric film formed 
5 thereon is different from that of the film formed on the platinum film in Embodiment 6. 

It is confirmed in the present embodiment that a similar effect can be obtained when a rhenium, film and 
osmium, rhodium or iridium or their siiicides are used instead of rhenium silicide. 


70 (Eighth Embodiment) 

This is an embodiment in which an alloy film or a multilayered film consisting of high-melting point 
noble metal platinum, palladium and rhodium is used for the second layer of the conductive layer in the thin 
film capacitor of the sixth embodiment The materials used for the present embodiment are listed in Table 
75 3. 

Table 3 


1 

Alloy Film 

Pt 85at% - Rh 15at%, 1500 A 

2 

Alloy Film 

Pt 80at% - Pd 20at%. 1500 A 

3 

Alloy Film 

Pd 90at% - Rh 10at%. 1500 A 

4 

Multilayered Rim 

Pt(1000A)/Rh(500A) 

5 

Multilayered Rim 

Pt(1000A)/Pd(500A) 

6 

Multilayered Rim 

Pd(1000A)/Rh(500A) 


Analogous to the sixth embodiment, a dielectric constant of about 220 which is independent of the film 
thickness is obtained for the BaTiOa film, and the formation of a layer with low dielectric constant at the 
30 interface is prevented, also in the present embodiment. Moreover, it is confirmed by X-ray diffraction that 
silicidation of the alloy or the multilayared film of high-melting point noble metals of the second layer did 
not occur. 


35 (Ninth Embodiment) 

After formation of a 1500 A-thick rhenium silicide by a dc sputtering as the first layer of the conductive 
layer in the same manner as in the seventh embodiment, the rhenium silicide film is oxidized by subjecting 
the film to a heat treatment in an atmosphere of oxygen gas at 500** C, then a platinum. BaTiOs and 

40 aluminum films are formed similar to the sixth embodiment. 

Analogous to the sixth and seventh embodiments, there is obtained a dielectric constant of the BaTiOa 
film of about 220 which is independent of the film thickness. According to an X-ray diffraction test given 
after the formation of the dielectric film, it is found that that silicidation of platinum does not occur in which 
point it differs from the result of the seventh embodiment. Namely, in spite of a large amount of silicon 

45 contained in the oxidized rhenium silicide film, diffusion of silicon to platinum is suppressed. For the 
oxidation of the rhenium silicide film it is found that an oxidation temperature of higher than 400 *C is 
required. The sheet resistance of the rhenium silicide film depends on the oxidation temperature which i: 
about 10 n/square for the range of 400 to 600* C but it begins to increase from 630* C and it increases 
markedly to more than 100 Q/square for oxidation at high temperatures above 700 *C. Since a lower 

50 electrode resistance is preferred for a thin film, capacitor, the temperature for the oxidation treatment of the 
rhenium silicide film is desirable to be in the range of 400 to 700* C. 

One of the characteristics of the rhenium-silicon oxide film formed in the present embodiment is that it 
has a better adhesion to the silicon electrode than the rhenium oxide film formed in sixth embodiment. For 
example, when an oxide film consisting of rhenium-silicon of thickness of 1500 A Is formed on the silicon 

55 substrate in the same way as in the present embodiment, and a 2 um-thick BaTiOa film is fonmed on top of 
it by sputtering, there occurred no peeling of the film. However, when a BaTiOa film with a thickness of 
more than 3500 A is formed on a rhenium oxide film of thickness of 1500 A formed on a silicon electrode 
as in the sixth embodiment, there was generated a complete peeling between the rhenium oxide film and 
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the silicon electrode. 

Furthermore, a result similar to the above is obtained when a rhenium film and osmium, rhodium or 
iridium or a silicide film of one of these metals is used in place of the rhenium silicide fiim of the present 
embodiment. That is, it is possible to form a BaTiOa film which has a dielectric constant of about 220 and is 
5 Independent of the film thickness, and yet has an improved adhesion between these oxide films and the 
silicon electrode. 

It should be mentioned that the description in the above has been given in conjunction with the BaTiOa 
film. However, the result of similar preparation and evaluation by the use of SrTiOa, PbTiOa. PbZrOa, 
LiNbOa, Bi^TiaOis and the solid solutions (Ba,Sr)Ti03, {Ba.Pb)Ti03 and Pb(Zr,Ti)03 showed that dielectric 
w constants intrinsic to the dielectric films that do not depend on the film thickness can be obtained. 


Claims 

75 1 . A thin film capacitor comprising: 
a silicon electrode; 

a first electrode layer consisting essentially of a member selected from the group consisting of 
(a) titanium, titanium silicide, titanium nitride, tantalum, molybdenum, tungsten, tantalum silicide, molyb- 
denum silicide. tungsten silicide, alloys thereof and compounds thereof; and 
20 (b) rhenium oxide, osmium oxide, rhodium oxide, iridium oxide and compounds thereof, 
formed on said silicon electrode; 

a second electrode layer consisting essentially of a high-melting point noble metal formed on said first 
electrode layer; 

a dielectic layer consisting essentially of an oxide ferroelectric material formed on said second electrode 
25 layer; and 

a third electrode layer formed on said dielectric layer. 

2. A thin film capacitor as recited in Claim 1. wherein said silicon electrode Is one of polycrystalline silicon 
and single crystal silicon. 

3. A thin fiim capacitor as recited in Claim 1 or Claim 2, wherein said high-melting point noble metal is a 
30 member selected from the group consisting of platinum, palladium, rhodium and alloys thereof. 

4. A thin film capacitor as recited in Claim 1. 2 or 3, wherein said oxide ferroelectric material is a member 
selected from the group consisting of perovskite type oxides, ilmenite type oxides and Bi^TiaOia. 

5. A thin film capacitor as recited in Claim 1. wherein said oxide ferroelectic material is a member selected 
from the group consisting of BaTiOs. SrTiOs, PbTiOa. PbZrOa and solid solutions thereof. 

35 6. A method of manufacturing thin film capacitors comprising the steps of: 

forming a first electrode layer consisting essentially of a member selected from the group consisting of 

(a) titanium, titanium silicide. titaniun nitride, tantalum, molybdenum, tungsten, tantalum silicide, 
molybedenum silicide, tungsten silicide, alloys thereof and compounds thereof, and 

(b) rhenium oxide, osmium oxide, rhodium oxide, iridium oxide and compounds thereof, on a silicon 
40 electrode; 

forming a second electrode layer consisting essentially of high-melting point noble metal on said first 
electrode layer; 

forming a dielectric layer consisting essentially of an oxide ferroelectric material on said second electrode 
layer; and 

45 forming a third electrode layer on said dielectric layer. 

7. A method of manufacturing thin film capacitors as recited in Claim 6, comprising the steps of. • 
forming a first electrode layer consisting essentially of a member selected from the group consisting of 
rhenium silicide, osmium silicide, rhodium silicide. iridium silicide and compounds thereof, on a silicon 
electrode; and 

50 oxidizing, then, said first electrode layer at temperatures in the range of 400 to 700* C 

8. A method of manufacturing thin film capacitors as recited in Claim 6 or 7. wherein said silicon electrode 
is one of polycrystalline silicon and single crystal silicon. 

9. A method of manufacturing thin film capacitors as recited in Claim 6, 7 or 8 wherein said high-melting 
point noble metal is a member selected from the group consisting of platinum, palladium, rhodium and 

55 alloys thereof. 

10. A method of manufacturing thin film capacitors as recited in Claim 6. 7. 8 or 9 wherein said oxid 
ferroelectric material is a member selected from the group consisting of perovskite type oxides, ilmenite 
type oxides and BiiTiadz. 
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11. A method of manufacturing thin fiim capacitors as recited in Claim 6, 7, 8 or 9. wherein said oxide 
ferroelectric substance is a member selected from the group consisting of BaTiOa. SrTiOa, PbTiOa, PbZrOa 
and solid solutions thereof. 
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